observe binding of hER-␣ to the ERE. Binding data were consistent with the observed agonist or antagonist activity of the aforementioned compounds. Graphs of Ṗ vs concentration of ligand generally displayed an increase in Ṗ at low concentrations followed by a decrease in Ṗ as concentrations increased. This type of response would be expected if hER possesses multiple ligand-binding sites displaying cooperative behavior as has been reported (14, 16 ) . At low ligand concentrations, the likelihood of receptor binding only one ligand in solution dominates. When such binding occurs, a conformational change producing positive cooperativity would increase the onrate of the receptor binding to the fiber. As the concentration of ligand in solution increases, it becomes more likely that all receptor binding sites are occupied; therefore, the rate of binding to the fiber would decrease, reflecting a decreased concentration of available receptor. Thus, the data obtained with the fiber optic sensor appear to be consistent with expected results.
New Miniaturized Highly Sensitive Immunoassay Device for Quantitative Measurement of Soluble or Particular Antigen or Antibodies in a Liquid Sample, Alain Rousseau * and Michel Canton (Stago International, 9 Rue des Frères Chausson, 92600 Asnieres, France; * author for correspondence)
Modern clinical practice requires small, easy-to-use, quantitative, automated near-the-patient test systems. Any new test system must match the clinical needs for faster and cost-effective technological approaches. The TECHNODISK concept addresses many of the key features required for rapid immunoanalysis, i.e., microfluidics, speed, safety, flexibility, and capability for multitest panels.
The system is a flat cylinder cassette named TECHNO-DISK composed of two plastic parts. The bottom part is a polystyrene plastic mould designed with three concentric areas separated by walls in which holes have been made that allow for the circulation of fluids from the inner area, to the middle chamber, and finally to the outer waste area. Fluid is moved between the different areas by rotation on a central drive that produces sufficient centrifugal force to allow the fluid transfers. The lid is a flexible plastic mould that closes tightly over the bottom part, forming a flat cylindrical cassette that can be turned from the bottom by the action of a peripheral drive. Two holes are punched through the plastic to allow addition of the sample and wash reagent into the middle chamber (sample hole) and the addition of fluid into the inner area of the chamber to pick up the coated microbead conjugate (inner hole). The bottom part can be moved relative to the lid to two fixed positions (clockwise and counterclockwise) that open and close valves in the cassette. In one position, holes between the inner area and middle chamber are open, and in the second position holes between the middle chamber and the waste chamber are opened. By these external actions and rotation of the system, the liquid is either held in a specific area or moved from the inner area to the middle chamber or from the middle chamber to the waste chamber. Built into the waste area is an absorbant that ensures that all the liquid is retained inside the circular cassette.
The middle chamber is coated with antibody(ies) or antigen(s) that are specific to capture the analyte in the liquid sample. The inner area receives the conjugates coated on micro beads (2-m diameter).
The procedure is as follows:
The sample to be analyzed is introduced into the device with a pipette via the sample hole. The cassette is rotated slowly to allow the sample to circulate over the whole of the middle chamber containing the specific capture sectors. The cassette is left for an optimized incubation time during which the liquids are kept mixed by slow movement of the cassette. The relative movement of the lower portion with respect to the lid opens and closes the relevant valves, and then by faster rotation of the cassette, the sample is moved into the waste area.
Water is introduced (via the inner hole) automatically into the inner area containing the coated microbead conjugate. These are suspended before transfer to the middle chamber. A second incubation step, again using slow rotation for mixing, allows binding of the coated microbead conjugate to the captured antibodies or antigens. After incubation, the reagent is transferred to the waste by fast rotation of the cassette and the movement of the lower portion relative to the lid to open the relevant valves (for validation the suspended beads were added directly into the middle chamber).
The cassette is automatically washed several times by introducing water into the middle chamber (via the sample hole), with slow rotation to pick up the free beads and then fast rotation to transfer the wash water to the waste area.
The endpoint of the reaction is assessed by the means of a micro charge-coupled device (CCD) camera connected to software that converts the camera signal into the absolute number of events on the surface; these events are the microbeads (count particles) linked to the captured antigen or antibody. This method gives a digital signal that allows a very wide measuring range and is easily automated using a microcontroller.
The detection principle was evaluated on 96-well microplates to allow an easy comparison with fluorescence immunoassay (FIA) and ELISA methods and confirmed on the TECHNODISK device. Two different applications were used for detection and quantification of a soluble antigen and in a serological assay, respectively.
Detection and quantification of a soluble antigen. For convenience, the antigen used in this experiment was a biotinylated monoclonal mouse antibody, CD146.
Two 96-well microplates were coated with 10 mg/L purified goat anti-mouse IgG, 100 L per well. The middle area of a TECHNODISK was coated with 500 L of the same solution. The coating was saturated with a solution of phosphate-buffered saline containing 30 g/L milk. The antigen solution was then incubated in both supports at various concentrations from 0.07 to 100 mg/L.
In the first 96-well microplate (for ELISA), 50 L of a goat anti-mouse IgG peroxidase was added to each well. After washing, 100 L of o-phenylenediamine substrate was added to each well, and the reaction was stopped after 10 min with 3 mol/L sulfuric acid. The absorbance was read at 492 nm.
In the second 96-well microplate (for FIA), streptavidin-coated fluorescent microbeads (50 L) were added into each well. After incubation for 1 h at room temperature, the plate was washed, and the fluorescence was read on a Fluostar fluorometer (BMG).
In the TECHNODISK, streptavidin-coated fluorescent microbeads (500 L) were added. After gentle washing, the TECHNODISK was read using the CCD reader. The number of microbeads counted with the TECHNODISK was correlated with the initial antigen concentration (r 2 ϭ 0.98; Fig. 1A ).
Detection and quantification of an antiserum (serology). Two 96-well microplates and the TECHNODISK device were coated with 100 L of purified keyhole limpet hemocyanin at 10 mL/L; 50 L of mouse anti-keyhole limpet hemocyanin antiserum was then added to all three supports.
In the first microplate (for ELISA), after incubation for 1 h at room temperature, mouse anti-IgG-peroxidase was added, followed by the addition of o-phenylenediamine. The reaction was then stopped with the addition of 3 mol/L sulfuric acid. The reading was performed on an ELISA reader at 492 nm.
In the second 96-well microplate (for FIA), after incubation for 1 h, a goat biotinylated anti-mouse IgG was added. After subsequent washings, streptavidin-coated fluorescent microbeads (50 L) were added to each well. After incubation for 1 h at room temperature, the plate was washed and the fluorescence was read on a Fluostar fluorometer.
For the TECHNODISK, streptavidin-coated fluorescent microbeads (500 L) were added. After gentle washing, the TECHNODISK was read using the CCD reader. The TECHNODISK offers a measuring range overranking the ELISA method by 2 Log (Fig. 1B) . The major advantage of TECHNODISK compared with the FIA is the elimination of the classical fluorescence interferences, thus offering a better sensitivity in low titers.
These preliminary experiments demonstrate many advantages over the conventional FIA and ELISA methods. The design of the TECHNODISK device allows the detection and quantification of up to seven different antigens simultaneously. Moreover, we have been able to apply the TECHNODISK technology to the quantification of cellular antigens, especially platelet glycoproteins. This could offer an attractive method for point-of-care monitoring of the new platelet glycoprotein IIb/IIIa antagonists.
We thank Philippe Poncelet and Frederic Monsonis for performing the biological experiments, Bruno Meunier for developing the vision algorithm, and Catherine Gorin for technical assistance.
Lateral Tissue Inhomogeneity: A Missing Link in Photoplethysmographic Noninvasive Measurement of Arterial Blood Constituents, Lester A. Sodickson (Cambridge
Research Associates, 263 Waban Ave., Waban, MA 02468; fax 617-964-4799, e-mail las.cra@mediaone.net) Over the past decade, much effort has been directed at extending the success of oxygen saturation in pulse oximetry (1) (2) (3) (4) to the noninvasive determination of other blood analyte concentrations (5 ) . The tissue transmission window nestled between the strong absorption of hemoglobin in the visible and the high absorption of water in the mid-infrared is a potentially useful wavelength range because of increased tissue penetration. This work reports initial results from a new apparatus that directly compares light transmission through a finger at wavelengths in the pulse oximetry and transmission window regions. Wavelength-dependent changes as a function of applied finger pressure are documented, posing a challenge for instrumental stability and design.
The photoplethysmographic method isolates arterial blood effects by analyzing small waveform excursions induced by incremental blood flow in and out of monitored tissues during each heartbeat. Each signal is separated on a pulse-by-pulse basis into a steady or direct current (DC) portion and a pulsatile or alternating current (AC) portion (1 ) . For a signal S, the intent is that this AC/DC fraction, or modulation fraction, approximate dS/S, which is proportional to the absorbance. The ratio of modulation fractions at two wavelengths then approximates the ratio of absorbances at those wavelengths. In pulse oximetry, the saturation is determined from a nonlinear calibration curve of oxygen saturation plotted against this ratio of modulation fractions (1 ) .
The present apparatus departs from pulse oximetry practice in using fixed optics that largely eliminate ambient light interference and motion-induced probe-coupling artifacts (4 ) . The hand is placed palm down on a flat surface beneath a light shield, with the examined finger pressed against a 15-mm diameter optical window that is illuminated from below by multiple light-emitting diodes (LEDs) located azimuthally around a 14°half-angle cone. Approximately 3-mm wide gaussian-shaped beams are projected to the center of the window via lenses. A 5-mm diameter InGaAs detector (Germanium Power Devices) mounted in a slight recess in a 25-mm diameter holder that passes through the light shield is pressed against the top surface of the finger to simultaneously monitor transmitted light at all wavelengths. The near-infrared LEDs (Oriel Instrument and Opto-Diode) emit 1-3 mW of light centered on 820, 1000, 1220, and 1300 nm, with 25-40 nm full width at half maximum. The four wavelengths were selected for different absorbances of major hemoglobin variants and water to facilitate the simultaneous determination of total hemoglobin concentration and oxygen saturation (5 ) . The 820 nm/ 1000 nm pair forms a surrogate pulse oximeter whose performance is compared directly here with that of the 1000 nm/1220 nm pair. The 1220 nm wavelength lies in the middle of the tissue transmission window.
The light sources are driven with four distinct sine waves generated by two SigLab Dynamic Signal Analyzers (DSP Technology) controlled and monitored by Matlab (The Mathworks). The Fourier-transformed detector signal amplitudes, their derivatives, and calculated ratios of the relative degree of modulation at different wavelengths are displayed in real time at 100 Hz to facilitate user analysis and control of the sample site location and applied pressure.
Sample data are shown in Fig. 1 . The top panel plots the time course of three of the signals as a finger is pressed against the optical window with several steps of increasing pressure followed by two decreases in pressure. The curves are presented as the deviation of the signals from their values at t ϭ 0. The pulsatile components of these deviations as well as the pressure-induced DC baseline shifts are smaller at 1220 nm than at 820 or 1000 nm. The middle panel presents the results of sliding window calculations of the ratio of modulation fractions for pairs of signals in the top panel. The pressure steps produce clearly correlated steps in the 1000 nm/1220 nm ratio with barely visible changes in the corresponding 820 nm/1000 nm ratio, which approximates the Red/Infrared ratio of pulse oximetry (1 ). Thus, site pressure changes for measurements at 1000 nm/1220 nm would degrade estimates of analyte absorbance ratios compared with measurements at 820 nm/1000 nm. The left two sections of the bottom panel of Fig. 1 provide an alternate view of the data, which confirms that pressure-induced offsets in the nonpulsatile background are similar at 820 and 1000 nm and markedly different at 1220 nm.
The fundamental concern raised by these data is that the sampled tissue volume is not the same at all wavelengths. In evaluating this, it is important to separate
